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Abstract 
New ideas are necessary to improve the quality of electroencephalogram (EEG) type bio-signal recordings, as a module of a 
brain computer interface (BCI). The EEG signals are a result of noninvasive recording technology. The recorded signals are 
usually of low amplitude (in PV domain) and noisy signals. To be able to extract technically usable information from these 
signals, it is necessary to amplify and filter them. To amplify and filter bio-signals, special and quality electronic concepts must 
be used. In this paper we are able to present the structure of an amplifier based on an original concept as a result of our NSRG 
research. The concept is implemented and tested. This amplifier should have a successful contribution to reduce the effect of
imperfect conditioning of the analog channel of bio-signal recording. 
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1. Introduction 
There are several impediments to measure bio-signals [1]. We must consider the fluctuation of the electrode-skin 
contact impedance, the existence of polarization contact potential. In the same time, we must consider an 
unanticipated fluctuation of drift potential and the common mode disturbance at the input of a differential amplifier. 
Similarly it is not rare when here, the signal-to-noise ratio (SNR) is less then unit [2]. These effects are among the 
major considerations to find new methods to improve the EEG signal recording techniques. The highest value of 
amplification coefficient is limited by the voltage drift at the recording electrodes [3]. This type of drift can saturate 
the output of the amplifiers. This is the reason of the presence of continuous components in the recorded bio-signal 
[4], [6]. The majority of disturbance present in the common mode signal can be superimposed on gainful, amplified 
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components of the recorded signal when the rejection ratio is not big enough. It is obvious that in order to get the 
maximum information from the recorded bio-signals, we must use the best quality methods and solutions in the 
recording equipments and signal processing [7].  
2. Amplifier to measure noisy bio-signals 
Fig. 1 shows a block diagram of an amplifier used in the processing of non-invasive recorded bio-signals, 
covered by noise and of very low amplitude. This amplifier was developed by our Neural Systems Research Group 
(NSRG). This scheme can provide a very high rejection ratio of the common mode signal, especially in the case of a 
50 Hz noise power supply. It has high and symmetric input impedance with a scaling (calibration) possibility of the 
input offset potential and voltage gain. This amplifier has a differential input realized with the OA1 and OA2 
operational amplifiers (OA). The bio-signal is applied to the input of these circuits. The EA input is the signal from 
the active electrode and the ER is the signal from the reference electrode. The common mode signal from the 
common points of R2 and R4 resistors is at the input of OA5 operational amplifier in a signal repeater configuration. 
The output of this OA is connected to the negative input of an integrator realized with the OA3 operational 
amplifier, and to the negative input of another integrator realized with the OA4 operational amplifier. This amplifier 
has a differential input based on the two operational amplifiers, the OA1 and OA2, with their inputs from EA and 
ER. The output of OA5 is applied to the negative inputs of two integrators realized with two OAs. These two circuit 
elements are OA3 and OA4. The positive input of OA3 is connected with the output of OA1 amplifier element. The 
output of OA3 is connected to the negative input of OA1. The positive input of OA4 is connected to the output of 
OA2 and the output of OA4 is in connection with the negative input of OA2. This structure eliminates the DC 
component of the bio-signal amplified by the differential input OA1-OA2.  
6
EA
ER
DRL
+
-
+
-
+
-
+
+
-
-
+
-
+
-
UREF
UBIO
- +
-
+
+-
OA1
T
IA
2
OA2
OA3
OA4
OA5
OA6
O
A
7
OA8
TIA1
I1
I2
IC
IO
R1
R2
R3
R4
R5
R6
C1
C2
R7C3
R8
R9R10
R11
R12
P1
R13 R14
R15
R16
R17
EC
S1
 
Fig. 1. The scheme of the amplifier of noisy bio-signals  
The cutting frequency is controlled by the time constant of the integrators (C1 R1 and C2 R6). The common 
mod signal at the output of OA3 is used to generate the signal DRL through the OA6. To use a single power supply 
(a positive value relative to ground voltage), the OA6 is adding to the negative value of the common mode signal, 
the reference potential UREF. This reference potential is usually an average value of the power supply voltage. The 
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signal from the output of differential scheme OA1-OA2 is used as the input of a trans-conductance instrumental 
amplifier TIA1. The output current of TIA1 is connected to an adder circuit S1. To this adder it is also connected the 
output of another trans-conductance instrumental amplifier, the TIA2. The output current from S1 is an input to a 
trans-impedance amplifier, realized with the operational amplifier OA8. The output of OA8, representing the output 
signal of the bio-signal amplifier, is applied to a voltage divider realized with the resistances R16, R17 and 
providing the input signal to the positive input of TIA2 amplifier. The reference signal is added to the output of the 
bio-signal amplifier using the negative input of TIA2. The trans-conductance amplifier realized with OA7 is 
providing the correction signal of offsets of differential amplifiers, transforming a fraction of the reference potential 
as a compensatory current applied to the input of S1 adder. 
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Fig. 2.  The equivalent scheme of an input differential preamplifier  
Using an equivalent scheme presented on Fig. 2, and applying the superposition principle, we have:   
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In a similar way we can have: 
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Using the difference of the two previous equations and using 31 RR  , 42 RR  , 21 CC   and 65 RR  , to 
conserve the symmetry, we get:  
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where: 
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The differential signal from the output of OA1-OA2 differential amplifier is applied at the input of the 
instrumental amplifier TIA1. The output current I1 of TIA1 is added to S1. Also, the I2 current from the TIA2 is 
added to the same adder. The above described adder's detailed structure is presented on Fig. 3. 
Using the equivalent scheme of the final differential amplifier on Fig. 3, it is possible to calculate the output 
potential of the amplifier. If the value of the gain of TIA1 is G1, then: 
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Fig. 3. The equivalent scheme of the final differential amplifier  
The input potential of TIA2 has the value of:  
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If the gain of TIA2 is G2, then:  
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The input current of a trans-impedance amplifier (OA8) must be zero, because of the very high gain of 
amplification in feedback loop of the OA8 and TIA2 amplifiers. In these conditions, if we neglect the calibration 
current of the trans-conductance type amplifier provided by OA7 (an operational amplifier) we have: 
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from where: 
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or, using this equation, in case of the gain of the differential input amplifier, we get: 
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This relation represents the substrate to calculate the gain of our bio-signal amplifier. This formula represents the 
fundamental concept in the realization of this amplifier. For the continuous component of the amplification of bio-
signal we have used s=0, so REFBIO UU   definitions. At a higher frequency as the cutting ft frequency 
(
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The trans-conductance amplifier based on OA7 operational amplifier, resistors R9, R10, R11, R12 and P1 
potentiometer provide correction signals for the offset of the amplifiers differential circuits through transforming a 
fraction of the reference potential into a compensatory current applied to the S1 adder's input. To compensate the 
offset potential, the EA and ER inputs of the amplifier are bypassed and the P1 potentiometer is adjusted 
until REFBIO UU  . This operation can be performed in an automatic way, using an electronic switch and a 
numeric-analog converter.  
Fig. 4 shows the general structure of equipment used in the recording of very low amplitude bio-signals in noisy 
environment, created by the NSRG group. This realization is based on the previously presented instrumental 
amplifier. It can be seen that the supplementary circuits contribute to the diminution of the effect of the analog 
conditioning imperfections of the recorded bio-signals. This equipment contains an instrumental amplifier with a 
differential input (EA, ER signals) getting through a filter, based on an electromagnetic impulse type filter. The 
common mode signal is at the input of an adder (S2) used to produce the DRL signal using an OA.  
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Fig. 4.  Equipment to record bio-signals of low amplitude in a noisy environment  
The output signal of instrumental amplifier is connected to S1 adder for a further correction related to the 50Hz 
type noise. The considered, useful signal is applied to the input of a programmable gain amplifier and the analog 
signal at the output is converted into a digital signal, using a delta-sigma modulator and a programmable digital 
filter. A second instrumental amplifier is used to measure the control signal obtained from the superposition of the 
common mode signal over the DRL electrode, the signal generated by a sinusoidal voltage source with a frequency 
of 10 KHz. The output of the second instrumental amplifier is filtered by an active 10 KHz band-pass filter and is 
applied, together with the signal generated by the sinusoidal signal generator, to the inputs of a synchronous 
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demodulator. At the output of the demodulator (the value of the variation of skin-electrode impedance) is converted 
into a digital signal. 
The control process of this equipment, the numerical adjustments and the numerical processing of the recorded 
signals are solved by a central processing unit (CPU). This unit is a micro-controller of medium complexity, with a 
limited number of terminals and an exact impulse generator (quartz crystal based timer). Beside the signal 
processing task, CPU is able to generate, using a digital procedure, a 50Hz sinusoidal signal. This signal, after an 
analog-digital conversion and a low-pass, cutting frequencies of 50Hz, is sent to an adder from the output of the first 
instrumental amplifier. It generates a command and control signal to be used by the sigma-delta modulator and by 
the amplifier of programmable gain. 
3. Conclusions 
The designed equipment has a powerful rejection of power supply network disturbances and of the common 
mode noises. For experiments with sampling rate of 2000 sps, we achieved: CMRR 126dB and global input noise 
0.8μVpp. It can compensate the variations of the useful signal caused by the gliding of the electrode on the scalp 
surface. The equipment can easily correct the saturation of an amplifier caused by signal artifacts from the input site. 
The noise reduction caused by analog channels is processed using numerical methods and an internal negative 
feedback connection. Implemented software algorithm is used to reduce the effect of the 50Hz frequency noise 
using an internally generated discrete similar frequency signal subtracted from the recorded one. The level of 
potential gain and the characteristics of the filter of the input channels can be programmed. We can monitor, in real 
time, the correct positions of the electrodes on the scalp surface. This way it is possible to control the high contact 
impedance between scalp and an electrode. These are methods to reduce the introduced noise level by the analog 
channels. Based on these results, it is possible to integrate this equipment into a mobile system to measure EEG 
signals. It can also be the basic component of a brain computer interface (BCI) systems.  
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